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(57) Abstract: 11 

PROBLEM TO BE SOLVED: To provide the single chip 
microcomputer in which an application program is 
corrected while being mounted on a device without 
increasing the number of terminals of the single chip 
microcomputer. 

SOLUTION: An ACL terminal 23 and a TEST terminal 24 
in the single chip microcomputer 1 1 are part of external 
connection terminals prepared in advance for program 
operation. When a debug program stored in a monitor 
ROM 16 is started, a connection state in a terminal input 
signal selector 20 is switched to send/receive data 
required for debugging the user program to/ from a 
terminal equipment 31 via the ACL terminal 23 and the 
TEST terminal 24. 
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NTE NAC 
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#5I¥^9 - 3 4 8 6 4 



1 

^ ^ n :3 >- :x — ^ , 

*fcf^ T E S Tiffin ir UTl^tg-r 5 :i ^ ^IS 
1 ^ fcti 2 gB«c^i/>^^/^^ ZT^-^-f ^ V e"^ 

[0 O O 1 1 

Iff-W^^^. ROM (Read Onl 
y Memory) ^lltr-f-^^^ffiiZ^ 

[0 0 0 2] 

CO R O M(;it&^ $ ttT V ^ -5 f-V a ^ o 
§g<?5©J®^fToTV^^, -^6^/^-^;=^>^ROMfig-7><>^ 

Vt"^":^?c7)ROM^;l^&^^^^TV^5^?^'T?. ROM;$S 
^ R O M 5 ^ ^ t :i ^ - n >/ ^ (7^ ^ ;t 

fi. ICE (In Circuit Emulator) ^ffll^Tfft^tb 
I CE(c:J:oT-^-f ^nn^^t^^ — ^c^Bi^^tT^ 



2 

^Wm-t ^ t f}^X^ -5 J: 5 ^m^^ tt^oX^^ Wl\^ hix 
WA^ti^y^y htj:t\ ^y<-^y'>^. ICE^^- 

[0 0 0 4] ^fc. ^.^:/ti^ -^;^^ROMKg'^ 

[0 0 0 5] -^-r>^nrT>i:^^-^^ffiiZ.fc5 ir-r^a 

m\mmmmi.xy'uv^j>,<DW}i¥wm^no:::t:^^x 

(One Time Programmable ROM) liR^^^fe^o OTPfig 

[0 0 0 6] Jiiz&.cDJ: ^^'.ft^^^t^RJ^t-iJott^PrgM^^ 
^*-t-6/cJ60^1(^S^fifti. 4^51^4-3 3 2 0 5 1 

-^xf ^ n n ve'^— >5?{;i{fi;t6tb^ROM(;i^— 

7 ^ * X ^< :y ^ffl ^ ^ A ^ T V ^ 

^B#fCt^, ROMCOf^^^:^T-^-f ^ zi^-e**^ — ^F^ 
CORAMt^^iA^, T^y<:y^fflcO>^n^^At^RAMt:: 

[0 0 0 7] ^fd, ^ 2 C7:)g^*pt^. #M^3-2 0 2 9 
2 4-^^«(^^^$ttTV>S. l|2C^>5fe^TS^R^t;l:ib^V^T 

40 ^ n^>fc:°^ — :$^t^a5coiST'<^^^fex.^^^^;l<^:oT^— 
yM.(Oy^y<y^^nOo mmcmi2^^tiX\^^^^'< 1^ n 
=^>t:'^ — ^^lft^\^Xy^y<yi^mm^^b(D:=i'^> Vf)^A 

:t}^tixmi¥(omm7i^nt>ri^. 

[0 0 0 8] ^7t. m3(0&m\'Xf^mBE6 1 -5 8 0 5 
50 2•^^^^cM^^;f^TV^So m3(0^ff^m{C^\1^^y^ 



(3) 
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3 

y A nrf^< ^y i^mm^(o rom (ciaig ^ tix v ^ 5 o 

[0 0 0 9] 

[0 0 10] m2(?^^fTS^^r*(i. 

[00 11] ms(D9tnm^x\-t^ ^-^-^^^^yj^t^ 
x'Lxy'^<y^'mm.t'^-( ^^^>\f=^—^ t(omxm 

[0 0 1 2] :*:^§g(^)@&^)t^, i/^-^/i-^ -^TT^-^-f ^ 
[0 0 13] 

5/ >^ a ^ (;i Bl^g-r 5 fS«;d5 ^ 5 

# t^fi-^^ 1^ n n Vt"^-^ ^ LT(^:7^n j^ibf^lS 



4 

m<Dy't2^yj>.tt^ROM{c^m^tiX\^^^o T'^')>r 

m^^o mm^m^K.hfx^fz^^mm^'f'^^i^x. m 
bo v^'^<^y^m'^^^yj>^n. ^%(omm^^bmi^^n 

10 ^ff^idS^V^rr^^y >3 :x>^a^^A(^y^y-<:y 

m\^m^^xmn<om^^nbo b/c;e»soT. r:7^y>>- 
(ommt(ommL<o^^\^. mm^m^^-:>xmm^m^ 

fh^^ y':f(D^m^^j^< L/<e<T^r:7^y i/3 

[0 0 14] ^/c^^^gcotsiaROMf^, mM.m^m^ 

^prtg/cfrROMr*fe5^i:^i|#mi:i-5o 

ROMtim^«){^#t&X.RltgJ^.eROM. fz.t^\^y 
y yiy^^^'eV t^^\z.^oXmm,^fi^o Ufc;d5oT. 
7=V-^-/>/ffl:7"u>/^A{c:j;oT<^IE$t^/cT:7^y 

;dSlt^(rMiZ.^ttyhi^^co^^T*ROM{^|E11-r5 r ^ 

[0 0 15] ^fc;*:^igcotafa-gi5(^)^a5S^5Sg^^f*. 

iy-y'^^yj^(Dy'^<^y^^nbm\^. s^ummm^<om 

40 [0 0 16] 

^l^M^::!.—^ 1 \(Om^^7f^^-f^ y-^MX^^o ^^^^ 

^^yf=^-^hwr^) ii»i. CPU (^^^na^H) 

1 2 ROM (Read Only Memory) 1 3 <t , RAM 
(Ramdom Access Memory) \ Ah. JtS^S 1 9 i: , SS^ 

A;^{t-§--feu^^ 2 o -<:5^^r Ku;^^fi6;lHigS2 1 

h . U A R T (Universal Asynchronous Receiver and T 
ransmitter) 2 2 ^^A/-e«f^$ix. IH^ b^c^V^:^^ 
50 0^gi5^gEffl<?5S^T-^(ix.5o |g|10-^^i5^a=i>^t'*^ 



(4) 



#M¥9-3 4 8 6 4 



5 

L (All CLear) 2 3 t T E S TffiT- 2 4 t L 

/do 

[00 17] ROMlSti. 1J-*ROMl 5 

^jr^*0®^6^{^#j^^;d5prtg/^ROMT*$>^o RA 
Ml 4ti. if RAMI 7 i:cii5::=LU~hRAMl 8 
i:t;iJ:orig^$ti.^o CPUl2(;i(i. rvu:^y<^ 
2 5 tf'-^y<y^2 6 t:^mm^tiX\^^^o ROM13 
^RAM14^(i. CPU I 2 tr h^U:^y<::^2 5 tf 
— i^y<:^2 6 t\^^^Xmm:^fh^o T yu:^y<:^2 5 

[0 0 18] ^-f-^ROMl 5^^^^. tf^^^^b/h 
*&^^ttT*3>9. ^^^ROMl 6t;itimllE^— 

3^g3 1 i:(^iii{fa^*5J:t)^^— 1f ROMl 5{;i*&^$ 

[0 0 19] :=^—'^KAMl 7 ifROMl 5 tc: 

^m^flX^^^:=^—^-:fri^yJ>^<DmVfm^'f—^(0— 
B##iZ.^;^^^^5fTt?tl^o ^^^V—hRAMl 8t^. 
^:=-^ROMi ^\z.^^^^flX^^^^'f^<y^m':^^^y 
A(^eSj0#{;::«*^g3 l;i-^A;^$tbfc-7'-:??'^if^ 

[0020] UART22fi. ^zL^KOMl 6 tC^i6 

m^m\^^xiy')r/v:>j^xy'-^<K>m^m^^<joo ua 

RT2 2{Cti. $ST-A;^m-^-t 1^^^^ 2 0^i?M.T«* 
Ifi'^h'f—'^t^Ati^fh^o UART2 2{C:A;^ 
^tt/cx — ^ti. oi^^ V—h RAMI 8*5 

r Fv;^^^iH]S&2 1 (cA;^^tb^o 

[00 2 1 ] n n 1 ACLdSgT- 

2 3 t;i^a6£ie>'5/^-f l/^/U'/^i^a — u^/U;ei^(Z)>ft-§';^SA 

-v'^^^nrnvfrL — 1 1 f^(^l/v?v?.^/^<J:*(7){it^^ y 

r-r^o ■^-Y^o^vt''^-:?^ 1 1 sai^A 

B#tdT E S Tffi^^ 2 4 (ClA;^ ^ tbTV ^5{f -^(^ l^-</U 
LT-^-f ^ n n>'t:'*.x"^ I I rtc^Ii] 

[0022] 1^2^^. \J ART 2 2\:L^\^^'f—^<Dy 
ir—^^yV^T^-trnx^^. m2 (1) X\^^ y'—d^U 
5>;^)5 7 t>b< t*8 \fy Y\^^^xm^^tlfzy^—^y 
V(Dm^n^^o 7/8 1^5/ h^— Ktc:^l/^T^^. 
^^y^^—h\fy h\z,^\m,^X\fy VOf)^h}f^yVn 



6 

^gP5^^-§I^V^r 1 \f^y V<Dy'—^X^^y<')T^ \f^y 

V\m.nhthti:\^\ y'-^U^^L><\^'^<')v'^}f^yY 
\Z.^\m^^X\ t.b<(*2 \fy Vf)^h^^^y^ h yzf\f^y Y 

[0 0 2 3] m2 (2) X\^^ "f—d^U^t^^yf^yVlZ. 
X,oXmj&^t^fz.yir—^yV(Dm^^'ro 9\^yh^ 

r. }f^yVOf)^h\^yVn^X<D'f—^t^'^^)'r^\f>y 
V t\Z.^^xm^^M:iy'-^W:^^^m^hfl^o "f- 
^^^{^^im^Xl-^l hV< \t2 \f^y hTb^h^^^y^ h^y 

[0 0 2 4] Wm^ \ 9fi. T Y\^y^^<y^2 5*5<J;t>*y^ 
--^^<y^ 2 6 (Of--^ y RAM 1 8 {^IS 

fiSclHlS& 2 1 1^. AC L>ft-^<oA;^*5j:i;?#ffifiJiZ.;^5l^ 

^ 1 9 \Z.^\^X<^\:>Mz.\m.(D^^^ii 

20 i*t^S<3V^T. ifROMl 5*5<J:Uf^^^ROMl 

^^£[HlK2 1 t^fi. fci^f^^^^ROMl 6t;i*3(t^ 

tv-CV^T. Ku><^^J*[HlK2 1 ;0^ibta;^$tb5 

T Y\^>^\cm-^\^X':f^^=7J>^ii^%^^^^. 

[0 0 2 5] ^ 3 f^. ffi^A;^ft^ir \^^^20 (Dm^ 
-^Tf^^z/xi^y^mx-^^^ i^^A/jm-^irl-^^2 0 
fi, A 1 :^-h y-fe:y h[HlS§4 2 -ft"^ 

«^x-lHlK4 3 i:. m-^A;^i^^IeIK4 4 AW;^^ 
30 i^x.lHlSS4 5 h^Vv?;^^ 4 6 i:^^Ayr*«^^tl. 

[0 0 2 6] Adti;^^^^lHlIfS4 5t*. ^^';/:7 7' 5 1 
n^CDFET (Field EffectTransistor) "efeS h 
5 2 i:. NAND<>*— h 5 3 pM<?5FE 
TT*S^^ b^>^v?^>? 5 4 ^^^-g-A^X^It^^tb^. m-^ 
^^;t[HlK4 3f*. AND^-h 5 5. 5 6 i:ORy- 
h 5 7 i^^A>T*«^S;$tbr*5>9. AND<>^-h5 5C0 

tti;^;^)5oRy- h 5 7c^"^r(^A;^*S^(-A;^^tb. A 

ND^— h 5 %(O^M^OR^— V 5 1 (D{^-)5<DK1l^ 
40 -?-(wA;^^tt^o fi-^A;^f^^^lHlSS4 4t^. AND^- 

h 5 8 ^^Ayr*^tJ5!S;$;h.^o 

[0 0 2 7] |^3{Cl(i loCOD>^y :y:7':7a LT 
^LTV^^;^»5. Uv^v'^^ 4 1 tiiiSg^A^^m-^'^l/^^ 2 

o^;l*5v^TS^^@^^te>i^T*5^9. ^i/v?;^'^^ 4 i 

Uv^>^>5^ 4 1 (Clf*?gi5^ n :y^{t-^(^£-^V^ 
50 ^^^^^D A;^ ^ ^x^^^mw<o \^^;\^t^^f}^l' Qlt^h 
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ANDy-h55, 5 e<o-:^(DAtim'f'\^'tti'e 

[0 0 2 8] :^-hV -^^y 4 2 (Dttitli^. 

^«|6 0ti. ANOy— h 5 6(^te:&cr)A;^*ST'^ AN 

[0 0 2 9] xmti^m:^m^4 ^\Z.'^n^y<^yyr ^ 
licifi. TESTdlS^2 4;!)^^{t-^||5 9^:^M.T{t-^ 

(*m^c^«ffi^5-^X.ibtLTV^§« X^tit^^X. TEST 

[0 0 3 0) y^^yyr^ 1 i-Ji. ft-^S EB;0^$tJ^{f-^ 

i:v''<:y:7 7' 5 1 C>^t-^W;^;i5/N^ ^ >^ t^-^VJ^^^flg i: 
?if^o ^^'>:7r 5 1 cotti;^}*. rtgPT E S Tft-^NT E 
^ bT-^-f — ^ 1 1 rtc^flilc^«J5it^^{-^ 

^^tt^o ^cC*5. y<yyr ^ i(Dmti\z.\^Vyi^-Jy^^ 

5 4(0 KU-Y >^D;d5^^$ixTV^6o ^(^ h ^ 

Tff-^NTE^^^^-f l/^/i^ir^^^o 

[0 0 3 1] b^>'y^^ 5 4CO Kl^-f >'D(i. ^e?t- 
NAND^y- b 5 3(7)^1 COA;^«^t-S^i^^tb^o N 
AND</— b 5 3(7>^2cDA;^*^^^(-tift-^S EL 1 
A;^^tv. ||3(^A;^«^^(-fiUART2 2;5^P>(Z)m;'j 

{f-^ouA;55A:^$tb'5o NANoy- h 5 acow;^ 

^5 9{rS^^tb6o 
[0 0 3 2] -r^^ ari vt^wL — i?^ 1 1 {;imai;iS^A^ 

:t—Y')±yV^^4 2f)^lE<Dy<jVysm^^mti 
L. u^^^^4 l;65yir-/ h^tb^o bfc;52oT. {f-^ 
SEL 1 fin — u-</U'<b?ie>9. {i#SEBti^N>r l/^/i^ 

chJfe^o m^SEB;55>"<>^yr 5 icoftiJi^ffi^^{^A;'j^ 

tbTl/^^<7)-e. TE STffl-7-2 4 {^A;^^ttTV^^{t-^ 
O U^/Ui)l^<Diiti F^a5T E S Tlt-^N T E O i: 
Lrtti;^$tt^o P^gI5TESTff-^NTEti. -^^ ^ a 
::3>-t^rL — ^1 1 ^TEST^— Kl?»|^$-^^B#<7)^ 



(5) #^^9-34 8 6 4 
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[0 0 3 3] r Ki/;^^'<:^2 6tc:j:oT^^ti.^i/v^:^ 
>5'4 1fi. KJj^'^Y>\^Kf}^fh^f—^^<y^2^(Dm 

^m^^^^^^y^m^c¥.\z.mm\.xy^y^'r^o a 

-^S E L 1 f)^y^-( U-<M^t^^. ft-^S ELI U 
^Mz.f^^:it\^^oX. ACLSST-2 3i;iA;^$tb^ 

LTUARTA;'j|t-^UAi: LTUART 2 2 \Z.Xti^ 
10 ix^o m-^A;^rf^^[Hl^4 4C7)ffl;^;a5UART2 2{:i#t 

:^u^^M.:^mm'r^o y'^<^y^m-:f^^yJ>^\^. 

y^(Oy^^— YT Y\^y^(D\U:^=^^z^ I/— h RAM 1 8 

i^^'f—i^^VART 2 2{:im^~t^o 

[0 0 3 4] UART2 2ti, M^'f^^^i^^y'—^ ^ 
U A R T ttl;^l{t^O U A ^ bT^^FA;^{f -^irl/ 2 

20 ^(^{t'^l/^/K^:J:oTNANDy— h 5 3 0tH;^;55^ 
NANDy— h 5 3C^a;^^S Vv?;=^^ 5 2 09 

y— ^G^cA;^^i^rv^^(7>T^ tuIB^— ^cDff-^i/^ 

fihy Vv^:^>5^5 2fi5g®fL. TEST$SS^=-2 4:^^A>co 

[0 0 3 5] C*3Sg3 1 ;55ACL^SgT-2 3*5J:I^TE 
STi^^^2 4tcSig^^tvTl^>5:^'&(i. TEST*^^2 
30 4<^:^^LTA;^^i^6T'— ^^c:S-:5v^TC^3^®3 1 J* 
ACLC^F*2 3:j3j:t/TESTi^T-2 4\^mm^nXV^ 

6 r ^ ^£r^-r;^:;^m-^r*fe^-7='-^ ^ a c l^ss^ 2 3 t;i 

[0 0 3 6] -^-f ^n^iVt**^ — 1 1 t;i*5V^Tfi. T 

E s Tdffl-7- 2 4 ;&^^mrfa7='— ^ ^ffl;^ \^x^>hl^i^:^i^ 

^mmup^i^Ac 2 3 {zii^^mm 3 i:^^hft^in 

-^^5A;^$ti.TV^/^v^#'&t;i(i. ffl*^B3 i;^^^^^ 

[0 0 3 7] i^^mms l:^^hf£^^m^:^^A:h^tifj:\^^ 
y'^<^y^m^'^^'7M^\-'-Jy^ 4 l\Z.y^—di^<y^ 

2 6^:^^LT{t-^^A;^-r^::^^-cfcoTUv^^^4 1 
y r LTACLiffi^2 3--^(^A;^<^:F^a5AC Lft-^ 
NAC^hL. TEST«T-2 4-^(^A;'j:d5p^g|5TEST 
{f-^-NTEir^^^^i: 3(-t-So ACLSSgT-2 3. TES 
T^iSST- 2 4 cD^tg^^;^^. ^ ^ ^ h R AM 1 8 {:i 
m^^'^X\^'^tL^—'f-:fx2^yM.(Oy^^— VT YUP^^ 

50 6o 
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[0 0 3 8] i^^rnms l^^hft>mm^:^^At}^n^ 
4 4^^LrUART2 2(;iA;^$tb5o UART2 2 

^;lA;^^tvf::/S^{t-§-tcS-^v^-CACL«^2 3*5J:I>* 

[0 0 3 9] :7"ni/^A7^/-^-/^^" K(c:^ott^^3S{;: 

vy^n-^^Kti. ACLiffiT-2 3^:^M.T*S^^A;^{i-^ 
irl-:^^ 2 0-^i:A;^§;h.5o $ ^(^U ART 2 2 (ClA 
UART 2 2;^)^^:3i^ ^ 1/— hRAMl 8(c:*& 
^ ^ffl ^ ^ J; o r ^ ti. 5o 

[0 0 4 0] ]^:d^U-J:^^/j:t*(D^m 

i^:>i?^ceff#^StiZ.^UART2 2--^ai;^i-^o UAR 
T2 2Ji. ^X.b;h.y^cff#^TEST*Sg^2 4^£'^LT 

[0 0 4 1] «?W^tb7^c^-v-VK;55>^W^4^-r>'h7^ 
^ ^ I/— h RAM 1 8 {Z,^m^thX\^^^^—^y^vi^^ 

J^cD>^^— br Ki-'^'^^r Ki/;^-^^:^2 5tc:S:^L. ^ 

fr-r ^ ^ h9 t> o T >- b ^ ^ ^^-r ^ 

W^/^K-f V h7='— 2 5, 2 6C0y^— 
[0 0 4 2] ^ h RAM 1 8 tbTV^^ 

^-^-So ix— hRAMl 8ic:^^^tI.TV^^yu 

—^zfu^'^M.cDT Ku>^;553i^^i/— hRAMl 8 tc: 
*&^^tb^:=^i5^ ROMl 6c07^/-<>;/:?^ffi>^t3:/^i.;6S^ 

[0 0 4 3] Ill4ti. ^ u :=i^^\fzL — ^ 1 1 {Cl^ott 

T. Igl4 (1) b#^J t i {;i 

*5V^TEI4 (2) l^^t-:^-MJir^/ Mh1SS4 2 0W;^ 



(6) 9-3 4 8 6 4 

10 

o^hr ^{c:j:oTlgI4 (3) t;i^i-p^?a5AC L^t-^N A 

C;^>5ir_h;^5^„ ^t^^ m4 (9) (c:^-rTESTffi^2 

4-^OA;^;?>5i£±:a5'9 tiCJt*. HI 4 (7) (;::^i-rtgl5T 

[0 0 4 4] hV-^y MhI5&4 2(0^;^;^^ H#^J t 
2^:l:^BV^T^ — i/^/w--^irT;^5^i:. P^gRACL^f-^ 
NAC^Sn"l/-</W^^i:T;05^. h y ir :y Mh13S4 

2C0ttl;^;;55cr — i/^/u{;::/^o/c^ ,t tc:J:oT. !1I4 

( 6 ) (C^^t-ft-^ S E L 1 ^5i:_h;6S C i^>B#^J t 3 

10 ^oV^r^N^r u^/wi: ite^o ft -^s ELI i/^/Kd 
f^^ti:it{C^^X^ ^Mt 3:^^hm4 (8) Id^-ru 
A R T m;^^^t -^O U A ^ LT Hftiili U^^cBff ^c^t"-- :^ ^5*^ 

mmms i--iTESTss^2 4^:^^LT^±l;^^i^^o 

TE ST4S^2 4;^^ibt±i;'j$;h.6v^— ^*il^4 
(9) (Cl^-f <t 5 Wt-^OUActfiW n — 1/ 

-</l-t;?)SAJ^t>So tiftar'-^^Oillttit*. B#^Jt3;0^^> 
t 4^T*C0SSPflT 1 t;i*3V^T^T:btb5o C^S^g 3 
It^. taiH-7^":$^;dSA;^$tb^i:iffi^^m3 l^sg^;^^ 
i^Tv^s :i ^ ^^i-j^^^ft-^^-^-f ^ p n 1''^ — 1 
20 i-^t^m^^o 

[0 0 4 5] 1^4 (4) {^TT^ir^mmmS 
nt'^^^m^^^. t 5 ^c:^oV^TAC LC^2 3 (CA 

Iil4 (5) t:i^i-UARTA;^ft-^UA^ 
LrUART2 2-^i:A;^^4x^o /S^fl-^OSSt *9 
H#^Jt 5;?)^e>B#^Jt 6^X(Dmr^T2\z.^\f^xnt>ti 

^FflT2(C^oV^TACLC^2 3t;iA;^^tb^<f-^ 
<tUARTA;^{t-^UA«i:(^|^— i^-</^^;:j:§o h 

30 T. 7^^'<^/^ffl:7"a:^^^C7>^tb^oJ:U^UART 2 2 {^1 
[0 0 4 6] mS}^, -v^^pn^-t"^— 1 1 \C:io}^ 

ir^^ h[HlSS4 2(::^oV^T^a-§-;i5^^^tt. ut^:^^ 4 1 

40 [0 0 4 7] m<^y'y^s SXl-X. f^SlSTESTm-^ 
N T E (Dff -i- U^/PT-fc ^ t* 5 ;^i^^4^J^ 
i-^o f^lFPTE ST{t-^NTEcO{s-^l-^/U;^iV^'< 1/^ 

-et^. :^—hV'^yh^^4 2^^h(Dm^'m:^^m±^ 
tu. l/i^>^^4 icoy-ir^y y -1r 

h4^flg;&5^I^^;h.yc:<D*r, Ui^:^^ 4 i ^-^r"—^ y<:^ 2 
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